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(54) Pmpamtion of reinforced elastomer, elastomer composite, and tire having component 
thereof 



(57) This invention relates Jo the preparation of a sil- 
ica reinforced eJasiomer via preparation of a sitica-elas-- 
torr-er masterfeatch as a composite of synthetic silica 
and an emulsion polymerization prepared synthase 
elastomer. Such masterbateh is prepared by Introducing 
such silica and a siians into a latex of the synthetic eias- 
torner and recovering the composite thereof. The inven- 



tion further Includes a rubber composition of at least two 
elastomers wherein at teas? one of said elastomers is 
such masterfcatched composite, a tire having a compo- 
nent of such rufeoer composition, particularly a tire tread, 
Is specifically contemplated. 



SO 

CM 
CO 



UJ 



Prtft^H ©yJuifvfe. 7t0(V PARIS. (Fn.; 



EP 1 321 48B A1 



Description 

Hejd of the, in vention 

* I'OOOI] This invention relates to me preparation of a siiica reinforced elastomer via preparation of a siiica^lasmmef 
masierbalch as a composite of synthetic silica and an emulsion poiymsn^iton prepared synthetic elastomer Such 
masterb&tch is prepared by introducing such silica and a sitane into a latex of the synthetic elastomer and recovering 
the .composite thereof. The invention further includes a rubber composition of at least two elastomers wherein at least 
one of said elastomers is such masterbatched composite A tiro having a cornoonent of such rubber comcosif ion. 

m partlcuiany a tire treae, is specifically contemplated. 

Backg round ot the invontlcn 

[0002] Elastomers are conventionally reinforced with particulate reinforcing fillers such as. for example, carbon black 
55 and sometimes synthetic amorphous silica usually precipitated silica aggregates, 

[0003] Such synthetic silica aggregates are normally highly hydrophiitc in nature and have a strong tendency to term 
aggi operates ot the aggregates 

£0004] Usually a coupling agent is also added to the rubber composition to aid In coupling the silica to the one or 
more of the diene-hased elastomers contained in the .rubber composition. Alternately, an a!ko*ysifane hydrophobaf;ng 
a? agent for the silica may also be added to the rubber composition or the silica may be pre treated with such coupling 
agent and/or aikoxysilane hydrophobating agent. 

[0005] in practice, the rubber composition Is usually subjected to several sequential high shear, high temperature, 
mixing steps In which the silica agglomerates are substantially pnysicaiiy broken down and thereby substantially re- 
duced to the aforesaid basse siisca aggregates . 
25 |00G6] Masteroatches, or preformed mixtures, ot carbon black and rubber have sometimes been suggested and/or 
used for the preparation of various rubber compositions. Often such mastertaatches are prepared by Introducing water 
slurries of carbon black to an aqueous rubber latex, followed by coagulating and recovering the resulting composite 
for use in blending with a respective rubber composition. 

[0007] Master&atehes of silica and rubber have also been suggested tor similar purposes where the masterbatch is 
30 created by blending silica and an aqueous rubber latex, followed by recovering the resulting blend ot silica and rubber. 
lOOOB] However, because ihe precipitates silica aggregates are typically hydro phllic in nature and therefore nave an 
affinity to water, me silica aggregates typically become more associated with the water ot the latex than with the rubber 
itself Accordingly, it is considered herein that it Is difficult to adequately disperse such hydrephiiic silica within a rubber 
by introducing the silica to the rubber in lis aqueous iatex form. 
33 [DGOS] Accordingly, various methods have beer: offered to more efficiently provide dispersions ol siiica in a rubber 
latex, 

poiOj For example, it has been proposed to Incorporate silica into a rubber latex by 

(A) treating a silica with coupling agent :.n a aqueous suspension to form a corripatrbiiized silica slurry, said coupling 
46 *Q*t* ks^g *n organosiiane silicon compound having the capability of chemically reacting with the surf ace of the 

silica to bond the coupling agent thereto, and 

(8) contacting the rubber latex with the treated siiica slurry whereby the siiica Is substantially uniformly distributed 
through the latex. For example, see OS-A- 5 ; 7S3 : 3S3. 

45 [0011] Historically, precipitated silica aggregates are sometimes formed by acrd-coagoiahog a silicate from a bas*c 
solution thereof, such as, and only as an example, treating sodium silicate, formed from silica and sodium hydroxide, 
with sulfuric add.. In the presence of a suitable electrolyte, under controlled conditions such as for example controlled 
temperature and controlled sequential order and rate of addition of materials. It Is envisioned herein that colloidal 
elemental particles of silica are thereby formed which readily aggregate to from colloidal silica aggregates thereof and 

50 which are thereafter recovered from such colloidal mixture by precipitation of the silica aggregates therefrom to form 
a filtercake thereof which is washed with water, which might also include an electrolyte, and finished by drying tech- 
niques. 

[0012] it is understood that such colloidal silica may negatively charge or positively charged, depending somewhat 
upon the specific manufacturing method used to form the colloidal silica. 
55 [801 31 Such coiloldal silica, whether in a form of said formative elemental particles of silica and/ or silica aggregates 
thereof, preferably in a form of colloidal silica aggregates, and prior to said recovery thereof by precipitation from said 
colloidal mixture Is referred to herein as "colloidal silica 5 ' which may be In an unpreclpitated coiio Ida i/dlspers Ion state 
of aggregates of primary siiica panicles having hydroxy? groups (e.g. silanoi groups) on their surfaces. 
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[0O141 For rhls invention it is desired \o prepare a composite of silica and cHene-based rubber bv mixing an aque^ 
dispersion oi wen dispersed ; negatively charged colloidal silica with a dieng-ba&ed rubber lateo; and oiscmfe dnmatn* 
( droplets} of a negatively charged oil emulsion of an organosiiane followed by cc-coaguiatta* me mixta** Wl :>> » he a-i 
or a suitable coagulant to form a siiica/rubber/siiane composite, 
5 £ 0O1s i By such method it Is envisioned mar a novel composite of silica and diene-teaseti rubber is formed with mia^ 
lively homogeneously dispersed silica aggregates therein and with a min'muro of prematura sliane hydrolysis ami 
network so? mauon in tne el«siamer host. 

£0016] ir: She desertion of this invention, the term : <phr where used herein, and accordine to conventional pocfee 
refers to "parts- of a respective materia! per 1 00 parts by weight oi rubber, or elastomer". 
i0 I° 01T J ln ciescripiion of this Invention, the terms "rubber" and "elastomer if used herein mav oe used inter- 
changeably, unless otherwise prescribed. The terms "rubber composition*, Compounded rubber' and "rubber norm 
pound", if used horom. are used interchangeably 10 refer to "rubber which has coon bie noted or mixed with various 
ingredients and materials* and such terms are well known to these having skill In the rubber mbdncs or rubber com- 
pounding am 

[QS1S] in accordance with this Invention, a method is provided for preparing a composite composed of at -east one 
elastomer and a homogeneously dispersed silica reinforcement therein which comprises . based udop cans by weight 
^ ? of an ingredient per 100 pans by weight rubber which comprises: 
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(A) preparing a water dispersion of a composite formed by blending an aqueous colloidal silica slurry, rubber latex 
comprised of caHoicte! elastomer particles therein ancs a pro-formed emulsion of oil and an organosHanS by blending 



{1} an aqueous suspension of a negatively charged colloidal silica aggregates which contains from 1 0 to 100 
phr of silica aggregates therein ; 

(2) an aqueous rubber latex which contains 100 phr of sfcene-fcaseti rubber colloidal parties therein, and 
(Cv) oil emulsion of an orgaoosiiane polysulfide having from 2 to S, with an average of from 2 to 2.6 or from 3 5 
tc 4. sulfur atoms in its polysulfidlc bridge, which contains from zero to 4 : alternatively 0.4 to 4. phr of said 
organosiiane posysuSflde therein, wherein said organosiiane component of said oruanosliane ooWsuifide is 
reactive with siianoi groups contained on the surface or said silica aggregates, and" 

(B) recovering said water dispersed product by coagulation. 

[0019] U Is contemplated mat. In the formation of She rubber and silica rnssterbatch of this Invention, the crosslinks q 
(network) of organosilane with the silica aggregates and with the rubber molecules may tend to increase the visoosiJv. 
somewhat, or the resulting masterbatch of rubber and silica as compared to simply mixing a rubber latex and oamcies 
of silica aggregates. 

[0020] ft Is further contempleted that because the silica aggregates are highly hydropic in nature and therefore 
nave a natural tendency to agglomerate logether. the practice of this invention tends tc overcome, or at least substan- 
tially reduce, such tendency and thereby achieve both an improved dispersion of the silica agersgafes with the rubber 
host as well as tending to bond such highly dispersed silica aggregates to the rubber itself bv the inclusion of the 
organosUane pofysulfide/o;i emulsion In She process of this invention. 

10021 j in ihe practice of the invention, said oil emulsion of an organosUane polysulfide is comprised of an oil in which 
said organosiiane polysulfide is emulsified and the emulsion is in the form of Individual domains, usually droolers thereof 
in said rubber composite, in practice, an oil may be used which Is chemically inert insofar as said oroanosiiane 
oolysuifide is concerned. For example, a rubber processing oil might be used so lone as it Is chemical merf insofar as 
said organosUane polysulfide 

[0022J A purpose of providing said organosilaoe polysulfide as an oil emulsion thereof Is to protect the orqamosiisne 
from hydrolysis which would otherwise be expected upon exposure to the water of the aoueous emulsion of foe 

colloidal diene rubber particles ' 

[0023] Representative of organosllane polys utfi.des for use ;n this invention am for example c^anosMar- 
poiysulfides of the general formula (i): 

0) (OR 5 5 - S< ■• R' - S x - R; - Si - rOR} 3 

wherein R Is selected from at least one of methyl and ethyl radicals and R } Is an alkyisne radical having iron) 1 to 12 
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carbon atoms : preferably selected, from ethylene, propylene and bmytene radicals and x is a value of from 2 io 6 and 
an average of from 2 to 2.6 or from 3.5 to 4 

[0024] it « io be appreciated thai an activity of a crgancstffane potysuifiete of Formula (!) having an average of 2 to 
8.6 connecbng sulfur atoms in its poiysuiftdic bridge may be very different ftom-ihe activity such organosllane poiysutfide 
having an average of from 3.5 so 4 connecting sulfur atoms in its poiysulfidie bridge insofar as generating free sulfur, 
and therelor being a suiUa do-fior; within !he rubbet composite =s concerned, 

[0025] In particular, 5 he suifur atoms of an erganosjtene disulfide type of materia) containing an average of only 2 io 
2.6 sulfur aioms In Its. poiysulfsdlo bridge is primarily a disulfide and its sulfur- to-sulfur bonds are considered as being 
much stronger than such an organesilsns poiysufUde having from 3,5 io £ connecting suitor sterns in its polysuifldic 
bridge Thus, ttte organosiians poiysulfide material with the larger poiysuiftdic bridge can be somewhat of a sulfur donor 
(a provider of free sulfur) in a rubber composition at elevated temperatures whereas me sulfur atoms ci the smaller 
posysuifidfc bridge arc not considered herein to be such a sulfur donor, at leasi to the extent of the ofganosiiane 
pelysulflde with the larger poiysuifldic bridge. This phenomenon can have, a substantial effect upon a. formulation of a 
sulfur curable rubber composition 

[00.28] Representative examples of such organosiiane poJysuffides having two connecting suliuf atoms in Its 
poiysutfldie bridge are for example are 



2.2 < -bis(turnethcxysi?ylethyl) disulfide. 3.3 ( -bss{tnmetho)?ysiiyipropyh disulfide. 
G^^bisftriethoxysiiyipropyi) disulfide, 2.2 < -bis(methoxy3iiyiefhyl) disulfide. 
2.2 4 -bis{bipropoxysllylethyi) disulfide, 2.2 < -bis{ai^ec.butoxysllylethyi) disulfide, 
a^^bisarimbutoxyeihyl) disulfide. S^-bisttrieihcxysByiethyl tojylene) disulfide, 
S^^bssf^rrseihoxysiiylethyl toiyiene) disulfide, 

3,3 -bis^nlsopropoxypjwyi) disulfide, 3 ; 3'^s(tnoctoxypropyi? disulfide, 

& 1 ^b«s?2--fithyih©xo5iys-HyiethyO disulfide.. 

g,2^bis<dimeihoxy ethoxysilyiefhy;) disulfide. 

3 3^bls(metrioxyethoxypropoKysiiyJpropyi} disulfide, 

3 ( 3^bis;msfhoxy dirosthytellyfpropy!) disulfide, 

3,3 { ~bls;eyciohexoxy dimethylsiiy propyl) disulfide. 

4.4^b!S(trimeth.oxy$:Mb.utyl) disulfide, 

S^^blSttrimothoxysilyi-G-methyiprapyi) disulfide. 

3.3'-b^cmpropoxysiiyl-3~methyip;-opyi)disuihde, 

3,3^bis{bimethoxy methylsiiyi-3-sthyipropyJ) disulfide, 

3.3 , >bis(0imethoxysiryn2-methylpropyl) disulfide, 

3.3'-bisi;dimf5teoxyphenyisiiy^2-methyiprepyn disulfide, 

a.o-biste imethoxysilyicyciohexyi} disulfide. 1 

2.12 f -bis (tnmetnoxysliyidcdocyi) disulfide. 

1 2. 12'-b:S(triethoxys!lysdodecyi} disulfide, 

1 8. 1 8 i m:sitrimethoxysliyioctaoecyi) disulfide, 

1 S. 1 8 -b^{?-nethoxydimethyisiiyioctadecyi} disulfide, 

2,2 , m!sm-imetnoxysl;yr-m^-thyiethyi) disulfide, 

2 ; 2 : - b{s(methoxysilyn2-metnylethyi) disulfide, 

2,2 : -bisitr|propoxysilyl-£-methyiethyf) disulfide, and 

5 ; 5 f -bis(:nccieKysilyi -2-mefhyiethyi) disulfide 



[0027] Representative of such organosilane disulfides having two connecting sulfur atoms In the poiysulfidic bridge 
are b:S-{3-tnmethexysilyipropyn disulfide, bis-(34rlethoxysilylpropyb disulfide, bis- (3-met boxy dimethyls iiylpropyO di- 
sulfide, and br3-(3-cyciohexoxy dimethyls iiyipropy I) disulfide. 

[0028] Representative of such organosilane poiysuifides having three or four connecting sulfur atoms in the 
polysuifidic bridge are. for example, 



bts.{3-tnmethcxylsjlyipropyJ) trisuiflde, bis-(3-*rifp©tnoxyisiiyJpropy!) tetrasuifs<Se f 
b{S^3-trieihsxyslly!propyl} trisufflde, &is-{3-tnethoKysiiy!propyl) tetrasuiflde. 
bis-(3iriefhexysily!eihy*to:ylene) Irisuiride, and 
bis -{3 ^riethoxysliyiethyttoiylene) ieirasulfide. 



fO028J in one aspect of the invention, the organosliane poiysyificte materia; is bis-{3 tnethoxysilylpropyi} poiysuifitie 
having In a range cf 2 to 8 with an average of from 2 to 2.6 connecting sulfur atoms In its polysuifidic bridge and therefor 
Is somewhat of a disulfide material in which only a minimal amount of sulfur atoms become free sulfur atoms during 
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ordinary raxing thereof with the rubber Therefore. little viscosity Increase of mo rubber compos iilon mav be aUnbutabie 
to the inclusion of such aikyisi&ne polysuiiide In the rubber composite of toss invention 

[Q030] Also, alternatively, the orcjanosiiane polysuinds is b!a-(3 ttMhoxysiiyipropyi) po!ysu»ide having in a ranoe of 
from 2 to S with an average of from 3 5 to 4 connecting sulfur atoms In its polysuihdie bhdge and -nercror s somewhat 
* of a totrasuiflde material in which free sulfur atoms may be generates curing ordinary m^ino. thereof with the rubber. 
Therefore, ii would be expected thai a degree of viscosity increase of the rubber composition mav oe aUrib-jiabte 'to 
the inclusion of such a-kyisHane poiysulfide in the rubber composite of this invention. 

rOOSI j it % an important aspect of ibis invention that the aqueous coHcidai Aspersion of tne s;fica aggregates are 
negatively charged in order to avoid a premature coagulation of the rubber latex, composed of neaativeiy charcee 
10 eiastomer panicles, with which the aqueous dispersion of colloidal silica aggregates are biended. 

[0032] It is . also considered herein that it is desired that the value of the pH of the coiioidai dispersion is greater than 
4 and desirably in a range of from 5 to 10. 

[0033] The blend of the aqueous colloidal sjiica aggregates, aqueous suspension or emulsion of coiicidai diene 
hydrocarbon based rubber particles and oil based emulsion of Independent domains of the aikyisiiane oolysuffide may. 

t5 ' ln 9*r&r$l be coagulated, for example, by addition of conventional poiyarrvns coagulants used for rubber lattices 

[0034] The rate of coagulation of the above materials from their respective colloidal: suspension and emulator fo^ 
are desirably of about the same order of magnitude in order that the silica particles, as wail as the associated alkyisliane 
polysuiflde which is reactive with hydroxy! groups contained on the surface of the siiica, be relatively evenly distributed, 
as a dispersion, throughout the elastomer host. 

so [0035] in the practice of the invention, vanous diene-based rubber lattices mav be used which have been empa^d 
for example, ey conventional aqueous emulsion polymerization, although naturally occurring natural els 1 ,4-pclyiso~ 
prene rubber may also be used. Accordingly, representative examples of such lattices are lattices ol dione-based 
rubbers exemplary of which are els 1 ,4-pciyispprene natural rubber, aqueous polymerisation denved stvrene/butad jene 
copolymer elastomers as wen as chtoroprene and butadiene/acrylonithie copolymer elastomers. 

25 f° 036 1 Whfe naturai els M-poifeoprene rucber may be used In its natural latex form, synthetic lattices of otto" 
rubbers may also be used such as ; for example, the hereinbefore mentioned synthetic rubber lattices. 
|0037] The synthetic rubber lattices can be p^pareo by conventional means such as for example, pelymerizmp 
isoprene. i : 3-butadad:ene monomers with or with out the presence of a stynene monomer in an aqueous medium 
comprised of water; surfactant and suitable free radical initiator as is well known to those having skill sn such art 

30 COOasj in runner accordance with this invention, a rubber composition pmvzrzd according to The oroeess of mis 
Invention is provided, 

[0039] in additional accordance with this invention, an article Is provided having at least one component comortsed 
of said rubber composition. 

[0040J In further accordance with this Invention, said article is selected from industrial bells and noses 
& loom} In additional accordance with this invention, a are is. provrtav having at least one component comprised & 
said ruboer composition 

|0042] In further accordance with this invention, a tire is provided having a tread comprised of said mbber cdwpo- 
sitiom 

[0043] if is to be appreciated that additional reinforcing fillers may also be subsequently mixed with the 



[0044] For example, such additional fillers may be carbon black, precipitated silica and other fillers containing hy- 
droxy! groups on their surface such as, for example, aluminum doped precipitated silica and carbon blacks havmg 
silica domains on their surface. 



rO04Si Exemplary oi such aluminum doped precipitated silicas are. lor example aluminosilicates formed by a co- 
preeipitaiion or a silicate and an aiumlnafe An example of modified carbon black is : for example ; 3 carbon black having 
silicon hydroxide on its outer surface by treatment of carbon black with an organosiianc at an elevated temperature or 
by co-rummg an organosiiane and oil at an elevated temperature. 

[0046] in further accordance with this invention, an elastomer blend composition is provided which is comprised of 
at least two diene-haseo elastomers of which one elastomer is a pre- formed composite of rubber and silica prepared 
by the process of this invention comprised of : based on 100 phr of elastomers, 

(A) 1 0 to 90 phr of at least one 'diem-based elastomer selected from at least one homopolymer and copolymer of 
Isoprene and 1 ,3- butadiene, and a copolymer of at least one diene selected from isoprene and i ,3 -butadiene with 
a vinyl aromahc compound selected from at least one ol styrene and aiphamethvlstvrene. preferably stvrene 
(8) 90 lo 1 0 phr of at least one of said pre-formed composite rubber and silica. 

(C) at least one of additional reinforcing filler provided, however, that the total of Silica in said pro-formed composite 
of rubber and silica and said additional reinforcing filler are present in an amount oi from 30 to 120 phr and whem 
sale additional reinforcing filler may be selected, for example, from at least one of precipitated silica, alumlnGS^cau* 
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carbon black and modified carbon black having silica domains on its surface, therein said silica and said sihca 
domains contain hydroxy? gro-jp'3, e.g.: sllanoi groups,, on its surface and 

(Oj optionally a coupling agent having a moiety reactive with said niter's) and another moiety interactive with said 
elastomers) 

[0047] in Gunner accor dance with this invention, an article is provided having at least one component comprised o; 
said rubber bland composition. 

[0048] In additional accordance with this invention, an article selected from industrial oeits and hoses is orovlded 
having at feast one component comprises of said rubber blend composition 

£004$] In farther accordance with this invention., a lire is provided having at least one component comprised of said 
rubber blend composition. 

[0Q5O] in additional accordance with this invention, a tire is proved having a tread comprised of said rubber blend 
composition. 

[GOBI] Representative of additional elastomers which may be rnlxed with the prs-forrned composite of rubber and 
silica of this Invention are : for example, els 1 ,4-peiyiscprene. eis 1 ,4-poJybotadiene. isoprene/butadlene copolymers, 
styrene/butadrene copolymers, including emulsion polymerisation prepared copolymers and organic solvent solution 
polymerisation prepared copolymers, styrene/isoprene copolymers. 3.4-poiyisoprene trans i d--polybutad:ena. sty- 
rene/isoprene/butadlene terpolymer, high vinyl poiybutadiene having from 35 to 90 percent vinyl groups, and mixtures 
thereof., as m\\. as terpoiymera of ethylene, propylene, and minor amount of non -conjugated dtene such as. for e» 
ampfe. dicyoiopentadiene, norbomene. and bexadiene. as- we!! as. copolymers of teobrtytene and a minor amount of 
conjugated dene such as. tor example, i&oprene and such copolymers which have been haiogenated with bfomide o*' 
chlorine. 

[D052] For the carbon black reinforcement having domains of silica on me surface thereof, such modified carbon 
black may be prepared, for example, by treatment of a reinforcing carbon btaek with an organo sitane at an elevated 
temperature or by co -taming an organo sitane and an oil. 

[0053] A particular advantage in using the aforesaid pre -formed rubber composite prepared in accordance with this 
Invention which contains its own imsitu formed silica based reinforcement system within the rubber composition has 
been observed to be a significantly reduced mixing time for the rubber composition in an interna* rubber mixer as well 
as a reduction of mixing energy required to produce such a composite with optimum, homogeneous reinforcement 
system dispersion, namely a more homogeneous dispersion within the elastomer nest. This is desirable because 1; 
can both improve the processing of an elastomer composition during the mixing or the elastomer with other rubber 
compounding Ingredients sno\ also various of the physical properties of the resulting rubber composition as well as 
various tire performances properties, Such improvements might be evidenced. Tor example in a reduction of a rubber 
composition^ hysteresis and an improvement In a rubber composition's resistance to abrasion, apparently as a result 
ot forming a more homogeneous dispersion of the Imsitu formed reinforcement system and improvement In an efficiency 
of the interaction of the reinforcement system with the elastomer host which may be particularly significant for a tire 
tread rubber composition, 

[0054] Classical rubber- rein forcing carbon blacks considered for use in this invention, including carbon blacks used 
for preparation of the carbon black composite, are. for example, carbon clacks having an iodine Adsorption Number 
(ASTM tost O f 510) rn a range of 30 to 1 SO and sometimes even up to 250 g/kp and a DBF (dibutylphthalate) Adsorption 
Number (ASTM test D24 1 4) in a range of 20 to 1 50 crn^/l 00g Representative examples of such carbon blacks and 
references to associated ASTM test methods, may be found, for example, in The Vanderfcilt Rubber Handbook. 1990 
Edition on Pages 416 through 418. 

[0055] The rubber composite itself can also be provided -as being a sulfur cured composition through wfcanteaiion 
of the uncured elastomer composition. The suliur curing Is accomplished in a conventional manner, namely, bv curing 
under conditions of elevated temperature and pressure for a suitable period of time. 

[D0S8] The curatives for sulfur curing the rubber composition are curatives conventionally used for sulfur curable 
elastomers which typically Include sulfur and one or more appropriate cure accelerators and sometimes also a refarder. 
Such curatives and use thereof for sulfur curable elastomer compositions are well known to those skilled In the art. 
[00S7] Sequential mixing processes for preparing sulfur curable rubber compositions In which elastomers and as- 
sociated ingredients exclusive of curatives are first mixed in one or more sequential steps, usually called a "non- 
productive mixing stepfsr followed by a final mixing step for adding curatives, usually called a productive mixing $teo>\ 
are also well known to those skilled In the ad. 

[005SJ It =s to be appreciated that additional silica, particularly preclpitateo silica, and/or eamon black might also be 
blended with the said composite of preformed reinforced elastomer and additional elastomer* s). 
10059] it is intended for the practice of this invention that the term "precipitated siiics", when used herein, also Includes 
precipitated aiuminosilicates as a form of precipitated silica The precipitated silicas are. for example; these obtained 
by the acidification of a soluble silicate, e.g. sodium silicate, generally exclusive of silica gels 
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[0060| Sucn 3»icas mjgh* Do charaoteri»d. for example by having a BET surface- area, as measured usino nitroasn 
gas. preiersbiy In the range of 4G to 600 : and mere usually in a range of 50 to 300 ^are meters eer o/aVm-Sgi 
The BET methodof measuring sunaoe area is described by Bruhauen Emmetl ana Telier: Journal of American Chemical 
Society p $33} Page 309 An additional reference -might foe DIN Metrics 66131 

fQOSl] The silica may also be typically characterized by having a DBP toffculyipfctKalate) Absorption dumber ir 5 a 
range -of 100 to 400. and more usually 1 50 to 300 cc/1 00 g. 

fQOm Additional comnwcSatty available pracipteidd stfeas which may be considered lor use In this invention are 
for example, and without an intended limitation.. stticas commercially available from PPG Industries under {he Hi-Sii 
trademark with designations HKSu:?i0, Hi-SII243 ; etc : silicas available from Rhodia with, for example. ZeosH 11 65 MP 
and Zeosij 165GB. and silicas available from Degussa AC, wish, for example, designations VM2 and VN3, 3370GR 
etc. and from Huber as Zeopoi 8745 and Zeopoi 8715. 

[0063] Various couplers may bo used and many are well Known to those skilled in such art For sample bia{jriafcex- 
ysliylalkyl) poiysulfides may be used which contain from two to eight sulfur atoms in their polysuihdic Oridee' with an 
average of 2 to 5 sulfur atoms. For example, the poiysuifidlc bridge-- may contain an average of from 2 to 3 or 3.5 lo S 
sulfur atoms. The alky* groups may be selected, tor eKampie. from methyl. a?hyl, and propvi groups. 
Therefore, a representative coupler might be., for example, a bis{tr^h6xysllyiprppy0 poiy&tjiftde containing from 2 to 
S. with an average of ?: to 5, sulfur atoms in Its potysuft&ic bndge 

£0864] It la to be appreciated that the coupler. If in a liquid form, might be used with or without a carbon black earner. 
If it is added to the rubber composition as a composite with a carbon black carrier such carbon black Is usually to be 
included in the amours! of carbon black accounted for in the rubber composition formulation. 

{0065} it is readily understood by those having skill in the art thai the rubber composition would be compounded by 
methods generally known in the rubber compounding art, such as mixing the various sulfur ^ule&e&able constituent 
rubbers with various commonly used additive materials such as, lor example, curing aids, such as sulfur; activators, 
retarded, and accelerators, processing additives ; such as oils, resins including tackifylng resins, silicas, and plaster- 
ers, fillers, pigments, fatty acid zmc oxide, waxes, antioxidants and antlo^onanus peptizioo aaonts. and reinforcing 
materials such: as. for example, carbon black As known to those skilled in the an. depending on the Intended use of 
the sulfur vuloanurabie and sulfur vulcanized material (rubbers), the additives mentioned above are selected and com- 
monly used In conventional amounts 

[0GS6] In the preparation of the rubber composition typical amounts of tackifier resins : if used, comprise 0.5 to 1 0 
phr. usually i to 5 phr Typical amounts of processing aids comprise 1 to 50 phr. Such processing aids can Include, for 
example, aromatic., napthenic, and/or paraftlnic processing oils. Typical amounts of antioxidants comprise 1 to 5 shr 
Representative antioxidants may be, for example, diohenyhp-phenyienediamlne and others such as for example. 
?hose disclosed in The VandertoM Rubber Handbook (1.975). Pages 344 through 348. Typical amounts of antioxonants 
comprise t to 5 phr. 

|0067] Typreai amounts of fatty acids, if useo\ which can include stearic acid, palmitic acid, lino&fc acid or mixtures 
of one or more fatty acids, can comprise 0,5 to 5 phr. 

f00681 Often stearic acid is used in a relatively impure state and Is commonly referred to in the rubber compounding 
practice as dearie acid" and is so referred to in the description and practice of this invention. 

[0069] typical amounts of zinc oxide comprise 1 to 5 phr. Typical amounts of waxes comprise 1 to -5 phr Often 
macrocrystalline waxes are used. Typical amounts of peptizers, If used ; comprise 0.1 to 1 phr. Typical peptizers may 
be, for example, peniaohlorothlophenot and diben^amldodipheny; disulfide 

10070} The vuscanfcation is conducted In the presence of a sulfur vulcanizing agent. Examples of suitable sulfur 
vutean&ing agents Include elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an amine 
disulfide, polymeric poiysulfcde or sulfur olefin adducts. Preferably; the sulfur vulcanizing agent is elemental sulfur. As 
known to those skilled in the art, sulfur vulcanizing agents are used in an amount ranging from 0.5 to 4 phr. or even 
in some circumstances, up to 8 phr, with a range of from 1 io 2.5 : sometimes horn 1 to Shoeing oref erred. 
[0071] Accelerators are used to control the lime and/or temperature required for vulcanization and to Improve the 
properties of the vuicanizate. In one embodiment, a single accelerator system may be used. I.e., primary accelerator. 
Conventionally and preferably, a primary accelerators) is used in total amounts ranging from 0.5 to 4. preferably 0 8 
to 2, phr. in another embodiment, combinations of a primary and a secondary accelerator might be used with the 
secondary accelerator being used In amounts oi 0.05 to 3 phr In order to achate and io Improve the properties of the 
vulcanite. Combinations of these accelerators might be expected to produce a synergistic effect on the final properties 
and are somewhat better than those produced by use of either accelerator alone. In addition, delayed action acceler- 
ators may be used which are net affected by normal processing temperatures but produce a satisfactory cure at ordinary 
vulcanization temperatures. Vuicanization retarders might also be used. Suitable tvoas of accelerators that may be 
used In me present invention are amines, disulfides, guanines., thioureas, images' thiurams. sulfonamides, dithio* 
carbamates, and xanthafes Preferably the primary accelerator is a sulfanamide if a second accelerator is used the 
secondary accelerator is preferably a guanine, riith ^carbamate or thiuram eomoound 
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[0072 J The presence and relative amounts of the above ingredients ; other than carbon biacK and coupler, are not 
considered to Do. the primary subject oi ihss invention which is more primarily directed Jo the prsparaEion and use of 
itie aforesaid preformed elastomer composite with the integral finer dispersion 

$0073] The inuredionts are typicaay mixed in at least two stages, namely, at least one non-productive stage followed 
by a productive mx stage The final curatives are typicaliy mixed in the final stage which Is conventionally called the 
"productive" Pfiix stage in which the rr.ixing typically occurs at a temperature, ot ultimate temperature, lower than the 
vmx temperatore(s) man the preceding non-productive mix stage(s). The rubber., carbon black and coupling agent :f 
used, ere mUeo in one or more non-productive mix stages. The terms "non-productive* and "productive" mix stages, 
are wsii known to those having skill in the rubber mixing art. 

[0074J In at teast one or the non-productive (HP) mixing stages, the materiel are ihermomechanloatSy mixed and 
the mixing temperature \$ allowed to reach a temperature of. for example ; between 14{TC and 190°C. 
[0075] The rubber composition of this invention can be used for various purposes For example, it can be used tor 
various hre compounds Such tires can be built shaped, molded and cured by various. methods which ere known and 
will be readily apparent to those having skin in such art. 

P repar ation of Masterbaic h of Sili ca, Coupler and SSR Rubber 



so [0076} A masterbatch was pfepamo by blending an aqueous emulsion of colloidal siiica particles, an oil emulsion ol 
coupling agent and an aqueous emulsion of styrene/foutadiene elastomer particles, foil owed by recovering a dned 
masterbatch was prepared as follows and identified herein as SCR MB (siiica. coupler and rubber masierbatch). with 
ingredients indicated in the following Table i 



ingredients 


Pans 


Colloidal silica emulsion 1 


22. 8 


Coupler/oil emulsion^ 


14.4 


Coupled 


4 1 


Oil 4 


13.0 


S8R : In rubber latex 5 


20 


Antidegradant 6 


1 .5 



30 



22 w«fc?tt p*rc**« <;? s>a*d sta pastes. TJ:e 

f U**>s cf colter and oii 
and oil (abtfui to pans? oi ihe stents ejcciusive-ol 
3 Uquki bisre trioThoxyvfiyiprcpyO 
as SK&i>?ror* Peocssa AG 




{00771 The SCRMB was prepared by the following step-wise procedure: 

(A) Dissolve the liquid coupling agent in the rubber processing oil in a high shear mixer together with 0.5 parts of 
surfactar:: . 18 parts water and about 0. 1 parts of sodium hydroxide (1 0 percent) to form an emulsion of the coupling 
agent In the oil; 

IB) Mix the prepared Osi/coupier emulsion with the aqueous emulsion of colloidal silica particles: 

(C) Mix the SSR emulsion with the above manure of emulsions: 

(D) Coagulate the resulting mixture with an addition of a solution composed of about 3 parts of poiyamine and 
2000 pans water; and 

(E) Wash (with water) and dry the ooaguiem (the SCRMB) at a temperature or about 80*0 tor about 1 0 to 1 5 hours 



a 
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EXAMPLE B 

[0078] Rubber compositions wnich cornered silica and SBR were prepared and referred to. herein as Control Sample 
X and Sarnpie Y 

[00?$] Control Sample V contained me siiica^n/SBR mastorbasoh prepared according to Example A (ihe SCRM8) 
{0080} For Control Sampie X hind Sample Y the Ingredients we^e blended in an interna! mixer for aoout 2.6' rn in ui.es 
to a temperature pi aboui -S55°C in the absence ol sulfur and acceieraior curatives. The resulting rubber composition 
was then blended wl-h sulfur end accelerator curatives in an internal mixer fer about 2 minutes to a lower temperature 
to prevent pre -curing the mixture 

{OO&lf Ingredient?; for Control Sample X and Sample Y are recited in the following Table 2 



Table 2 



Materials 


Con- re; Sample X 


Sample Y 


Styrene/buiadlerve rubber 1 


100 


0 




0 


154 6 


Silica 3 


42.86 


0 


Silica coupler 4 


1.71 


0 


ZirscoKlde 


1.5 


1 5 


Stearic acid 


2 


2 


Parsffinic oil 


10 


0 


Accelerators} 5 


3.05 


1 S 


Sulfur 


1, 


: 8 




[0082] Control Sample X and Sample Y were 
ported In the following Table 3 



Tor physical properties and various physical properties; are re- 



Table 3 





Control Sample X 


Sample Y 


Variance 


RPA 505 (Ruober Property Analyser) 


G* {IGG'C. 0.83 Hz. 15%, kPa) 


152 


138 


{-9%) 


Cure at :60*>C 


Minimum torque 


1 1 


0.8 




Maximum torque 


7.7 


6.3 






6.8 


5.8 


(-12%) 


T90 (minutes) 


1S.2 


12.1 




Cured (100*0. 1 Hi 10%}.. kPa 


1005 


862 


(-14%) 


Tan delta 


0.106 


0.111 




G' S0%/G : i% 


0.53 


0 59 


(+11%) 


Tensile Properties 


Tensile strength ;MPa) 


18.3 


21 


(+12%) 



9 
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Table 3 (continued) 





Control Sample X 


SampteY 


Variance 


Tensile Properties. 


■Elongation at break (%) 


695 


685 




100% modulus {MPa} 


1.2 


1 .25 




300% modulus {MPa} 


4.25 


5.05 


H-19%) 


^300%/M 100% ratio 


3 5 


4 




Hardness.. Shots A ai t0G*C 




56 




DSN Abrasion (volume loss, mm 3 } 


140 


1.35 




RSA at i 1 Hz 


Tan delta at Q°C 


0.138 


G138 




"Tan delta at S0*C 

C*. ,, 


0.116 


0.110 





[0083] it is seen from Tabte 3 thai tensile -strength, modulus at 300 percent end the 300 percent/1 00 percent moduli;* 
ratio were higher for Sample Y than for the Control X. This is considered io be significant heroin because It indicates 
improved silica reinforcement for me rubber composition for Sample V 

C0084] It can also bo seen from Table 3 lhat the tan delta at 6G°C physical property for Sample Y was similar to that 
of tne Control Sample X. This Is considered herein to be significant because a relatively low tan deua (for both Centre: 
Sample X and S ample Y) corns jeered herein io be predictive of an acceptable roiling resistance (venicuiarfue; economy) 
for a tire vvim a tread of such rubber composition. 



Claims 

1 . A method for preparing a composite characterized by being composed of at least one elastomer and a homoge- 
neously dispersed silica reinforcement therein comprises, based upon parts by weight of an Ingredient per 100 
parts by weight rubber 

(A) preparing a water dispersion of a composite formed by blending an aqueous colloidal silica slurry rubber 
latex comprised of colloidal elastomer panicles therein, and a pre-formed emulsion of oil and an organosilane 
by .blendsng: 

(1 } an aqueous suspension of a negatively charged colloidal silica aggregates which contains from 1 0 to 
100 phr of silica aggregates therein , 

\2) an aqueous rubber latex which contains 100 phr of dlens -based rubber colloidal parodes therein, and 
(3) oil emulsion of an organosilane poiy&ylfide having from 2 to 6 ; with an average of from 2 to 2.6 or from 
0.5 to 4. suitor atoms in lis poiysutfldic bridge, which contains from 0.4 to 4, phr of said crgancsiiane 
poiysoihde therein, wherein said organosiiane component of said organosilane poiysuiffde is reactive with 
siianoi groups contained on the surface of said silica aggregates, and 

(8) recovering said water Oispersed product by ooagoiauon. 

2; The method of claim 1 wherein said aqueous robber latex is a latex of an elastomer selected from at least one of 
cis 1 >-poiyisoprene- elastomer particles : styrene/butadiene elastomer panicles and cis 1 ,4-polybutadiene elas- 
tomer pan «c ies. 

3, The method of either of the preceding claims wherein said organosiiane polysnlnde is of the general formula 0}: 

(!) {OR) 3 - Si - FT- Sx - R" - SI - (OR} 3 
wherein R Is selected from at least one of methyl and ethyl radicals and FT is an alkyiene radical having from 
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1 id 12 carbon atoms, preferably sefeetedlfom ethylene, propylene and bytyisn© radicals and x is- a value of horn 

2 to 6 and an average cf from 2 to 2.6 o? from 3.5 to 4. 

4. The rneihoci of any erf the preceding claims wherein said erganosilane polysuifide is a .b:S{3-tnexhoxysUy^ropy!5 
porysinhdo having an average of from 2 to 2.6 sulfur atoms :n its poiysui-idic bridge. 

5. The. method of any of Lhe preceding claims 1 through 3 wherein said organosllane pciysulf itfe is: a bis{3 -trieiho*- 
ys8yipK>pyf) poiysulflde Having an average of from 3.5 ic 4 sulfur atoms in Its polysuifidic bridge. 

6. A composite of elastomer and silica prepaid by the method of any of the preceding claims 

7. An elastomer composite comprised of; 

(A) 10 io 90 weight percent of the composite of claim 6 : and 

(8) 90 to 10 weight percent of at ieast one diene-based elastomer sheeted from at feast one homopoiymer 
and copolymer of isoprene and 1 .3-butadiene. and a copolymer of styrene or alpha methysiyrene and at leasi 
one Oisne selected from isoprens and 1 ,3-biitadiene, and 

(05 at least one of additional reinforcing filler, provided however that the total of sHice in said composite of 
claim 8 and silica in said additional reinforcing filler, if any. are present in an amount of from 30 to 120 phn 
and -where sale additional reinforcing filler Is be selected from at feast one of synthetic precipitated silica. 
aiuiTiinoeHicate. carbon black and silica modified carbon black having silica domains op lis surface wherein 
said s^ca and said silica domains on the surface of said modified carbon slack:., contain sil&noi groups, on Its 
surface and 

(D) optionally a coupling agent having a moiety reactive with said flHer(s) and another moiety Interactive with 
said elastomer's). 

8. A tire having at least one component comprised of the composite cf claim 6. 

§. A tire having at least one component comprised of the rubber composition of claim 7. 
10. A tire having a tread comprised of the rubber composition of claim 7, 
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